ABSTRACT: Development of yield curves of mean and top height and development of mean diameter of the yield tables of spruce is compared with their development on 28 permanent research plots with 156 repeated measurements. The time gap of repeated measurements on research plots is in the range of 10-38 years. The agreement and differences in the development of model and empirical curves were examined by means of mathematical and statistical characteristics. The development of mean and top heights in the yield tables of spruce is consistent with their development on permanent research plots. Mean diameters of yield tables are systematically smaller by about 4%. Methodology of processing the concrete results is also presented.
JOURNAL OF FOREST SCIENCE, 52, 2006 (4): 172-180 Yield tables have been an object of the interest of forest science and practice for several centuries. At present they have a broad application as well. As stated by Eckmüllner (1992), we must take them into consideration despite all their shortcomings and positive and negative sides. Our domestic yield tables are not an exception. Their history dates back to 1965 when in Czechoslovakia a long-term research programme was launched for the construction of domestic yield tables for main tree species. Its aim was to construct national uniform yield tables for spruce, fir, pine, oak and beech from domestic experimental material with the use of available scientific knowledge and simultaneously to meet the basic requirements of forest management practice. The programme was carried out step by step. In 1975 the 1 st edition of yield tables was published followed by the 2 nd edition in 1980, and the third one in 1990. In 1992 yield tables started to be applied in practice but only in the territory of Slovakia. Until 2002, it means for the period of 10 years, the state of all forests in Slovakia was evaluated on the basis of these tables. The most important application of yield tables was in the management of forests, especially in monitoring and evaluating the forest condition in a ten-year cycle of renewals of forest management plans. Based on production models of yield tables, maturity of tree species Halaj et al. (1990) and their decennial thinning percents Halaj et al. (1986) were objectified. According to the above-mentioned survey we can state that the application of yield tables in Slovakia is very broad with significant economic consequences.
For the construction of yield tables an empirical material from a high number of research plots located in the whole of Czechoslovakia was used but the number of repeated measurements on these plots was small. In total it was about 8,000 measurements on 4,000 plots, which was on average only 2 measurements per plot. Only 13% of all research plots were permanent research plots and the remaining plots were temporary research plots established for the construction of yield tables. The number of research plots varied as concerns tree species, but spruce had the highest proportion both in the Czech Republic and in the Slovak Republic. The number of repeated measurements on plots was relatively low, mostly 3 and very scarcely 4 repeated measurements. There Development of the primary values of yield tables of spruce in comparison with their development on permanent research plots was only a short time period of 15 or maximally 20 years with 5-year interval of repeated measurements. This fact influenced the methodology of the construction of yield tables significantly. According to this methodology only three mean parameters, i.e. mean height, top height and mean diameter of coppice-with-standards, were derived directly from the empirical material. Mean height of the stand in dependence on its age is the most important parameter as it represents height yield curves of yield tables. It would be optimal in the construction of yield tables if lifetime measurements on permanent research plots were available. Repeated measurements carried out in short time periods forced the authors of yield tables to modify the methodology, mainly the derivation of height yield curves. In place of unfeasible methodology of fitting lifetime height curves or unsuitable methodology of fitting average curves from the set of single measurements as justified by Cantiani and Baroni (1975) the methodology of fitting envelope curves from these sets was accepted. A more detailed description and a procedure of deriving height yield curves according to this methodology were presented by Halaj et al. (1987) . In connection with the model of yield curves based on mean heights a model was derived for the determination of yield classes of stands from top heights by means of differences between mean and top height. The model of the trend of mean diameters was derived in dependence on the age and yield class of stand that was determined from height curves for each measurement. Halaj et al. (1981) presented a similar construction of the whole model of yield tables.
Yield tables were already verified during their construction and application in practice and their accuracy was evaluated, especially as concerns the determination of stand parameters. Convincing results in the evaluation of the accuracy of determining the standing volume of stands were published by Šmelko (1988) . In the Czech Republic Sequens (1994) and Křepela et al. (2000) dealt with the issues of height growth on the basis of age height curves from yield tables. Despite the fact that the construction and verification of yield tables did not continue after their 3 rd edition in 1990 permanent research plots were repeatedly measured as these plots were established by Forest Research Institute in Zvolen for the construction of yield tables.
The aim of this paper is to evaluate the development of primary growth parameters for spruce, such as curves of mean and top height and curves of mean diameter, on an example of Czechoslovak yield tables. Model curves are compared with empirical data of repeated measurements of the stands on permanent research plots.
MATeRiAL AnD MeThoDS
The experimental material consists of tree data from 156 repeated measurements on 21 production permanent research plots that were established for the construction of yield tables and on 7 permanent research plots established at about the same time for the research on thinnings (Saniga 1985; Moravčík et al. 1999) . Low thinnings in 3-5 year intervals after repeated measurements were also carried out on all research plots. Mean diameters and heights of stands were calculated from repeated measurements of diameters and heights of stands, particularly for coppice-with standards mean diameter d v , mean height h v and top height h v10% . All variables were calculated from the volume of mean stem in volume unit stem with bark. According to mean height and age absolute height yield class q at the standard age of 100 years was determined with every repeated measurement, interpolated with the accuracy of 2 decimal points. Empirical development of mean height, top height and mean diameter on research plots was compared with model development according to yield tables. The differences in the development of empirical and model values were evaluated graphically as well as statistically. For each research plot average yield class was calculated as the arithmetic average of yield classes from its repeated measurements. Standard deviation was also calculated for the average yield class. According to the average yield class on the plot and age of stand with concrete repeated measurement model values were calculated for all three studied parameters from mathematical models of yield tables. The parameters are namely mean height, top height and mean diameter. The differences between their actual (empirical) and model values can be expressed as relative errors of yield tables e according to the formula:
where: x a -the actual value of the studied parameter,
x YT -the model value of the studied parameter according to YT.
To evaluate relative errors of yield tables in more detail the following statistical characteristics were calculated:
Mean square error: Statistical characteristics according to formulas (2)- (5) were calculated for each studied stand parameter on research plot as well as altogether for all research plots.
The experimental material from repeated measurements of research plots was arranged into age development series of mean heights, top heights and mean diameters. The length of these series was 10 to 38 years of their continual observations. The lowest age of stand was 28 and the highest 153 years. Research plots had the average yield class in the range 25-41. At the end we must say that the presented empirical material included all measurements, also those used for the construction of yield tables in 1980. Of the total number 156 repeated measurements 44% were new measurements, it means they were not used for the construction of yield tables.
ReSuLTS AnD DiSCuSSion
The development of the three primary growth parameters, namely mean height, top height and mean diameter, was evaluated by a simple graphical comparison of the development of the studied parameter on research plot with model parameter according to yield tables and by means of numerical evaluation of relative errors calculated according to formulas (1)-(5).
Mean height development
The development of mean heights according to research plots and models of yield tables is illustrated in Fig. 1 . Thick line illustrates height yield curves of yield tables for yield classes 12, 26 and 40, and thin lines height curves of research plots. We can see in Fig. 1 that almost all measurements of research plots are distributed only in the upper half of the yield range and at the age of about 30-120 years. Most of the research plots have very similar trends of the development of mean heights like model ones.
The principle of yield classification of repeated measurements on research plots was used for a more detailed quantification of differences in the development of mean heights. If it holds good that the actual height growth of the stand on a research plot is the same as the development of the respective yield curve, then the same yield class is determined by its repeated measurements. In the case of different height growth the yield class of the stand will increase or decrease with repeated measurements. After determining the exact yield class for each repeated measurement an average change in yield class ∆q was calculated from the pairs of successive measurements, separately for each research plot and together for all research plots of spruce. To exclude the effect of different intervals of repeated measurements, the difference in yield classes of two successive measurements was calculated per constant 5-year interval. According to Table 1 In connection with the change in yield classes it is also important to know the variability of repeated measurements. Therefore not only the average yield class but also its standard deviation was calculated from repeated measurements for each research plot. According to the data in Table 1 we can state that the values of standard deviation in the range of ± 0.20 to ± 1.67 m indicate relatively different variability of yield classes on respective research plots. We must stress that for more than 80% of cases the deviations are smaller than ± 1.00 m.
At the end of this chapter we can conclude that the development of mean heights of spruce stands in yield tables is very similar to the development on research plots. We can consider the average 5-year change in yield class +0.22 m negligible. The variability of yield classes for repeated measurements on research plots is also very low, around the average yield class, when the standard deviation is mostly smaller than ± 1.00 m.
Top height development
The development of top height was evaluated by means of relative errors of yield tables according to formula (1), where model heights for the average yield class are calculated on a research plot from its repeated measurements. Their values are represented for all research plots and all repeated measurements in dependence on the age of the stand in Fig. 2 . It is obvious that at the age above 40 years most deviations are small, in the range of about ± 5%. Even the distribution of deviations around zero is important. From these deviations also statistical characteristics were calculated according to formulas (2)-(5), namely arithmetic mean, standard deviation, mean square error and t-value as they are given in Table 1 . Their numerical values confirm the statement from Fig. 2 . The t-values calculated for 10 research plots document that their average deviations are significantly different from zero at a 95% probability level. The average deviation -0.15% for all research plots is very small and it is not significantly different from zero. The mean square error of all research plots is ± 4.11%. It is relatively higher as top heights in yield tables were derived from mean heights and differences between the mean and top height. This error thus includes not only the error of mean height but also the error of a difference between the upper and mean height.
Thus similarly like in mean height we can state that the yield tables do not have a systematic error in the development of top height despite the fact that the systematic error was confirmed for some research plots by means of statistical test.
Mean diameter development
Graphical comparison of the development of mean diameters in dependence on the age of the stand is presented in Fig. 3 . Based on it we can state that development trends of actual diameters from research plots and model plots according to yield tables are very Table 1 , documenting that their mean deviations are significantly different from zero in almost 17 cases at a 95% probability level. The average deviation +4.09% for all research plots is statistically significantly different from zero. The mean square error of all research plots is ± 8.44%. It is higher than in top height as it includes mainly a higher systematic error. This finding is important and it confirms acknowledged expectations that the yield tables of spruce give slightly lower mean diameters for Slovakian conditions than are the actual ones. The differences are explained by the composition of empirical material, which was used for the construction of yield tables. The empirical material was mostly from the Czech Republic.
ConCLuSion
In addition to correct methodology of their construction the empirical material that was used for the construction of the tables is crucial for the high value and reliability of all yield tables. Lower reliability or lack of trust in yield tables that were constructed from a single measurement or repeated measurements of research plots in shorter time periods could be eliminated by verification of further repeated measurements on the same research plots. A good example can be Assmann (1959) , who compared the development of top heights of yield tables by Wiedemann and Zimmerle with their development on permanent research plots in Bavaria. The methodology we used for the verification of the development of three basic growth parameters, namely mean height, top height and mean diameter, is based on the quantification of their differences between the values from repeated measurements on permanent research plots and according to the models of yield tables. It is based on the conviction of Assmann (1961) that correctly expressing the growth and production of stands in yield tables depends mainly on the fact how their height development corresponds to the growth of the mean or top height of actual stands. Assmann also reported that the development of mean heights was also affected by thinnings significantly.
The results of our research are as follows: -The development of mean heights of spruce stands on permanent research plots is very similar to that in the model from yield tables. An average increase in the yield class of the stand for 5 years by 0.22 m is minimal. An increase in the yield class by one yield class, i.e. by 2.00 m, can be expected only after nine 5-year intervals, it means after 45 years. -The mean square error of the development of top heights is ± 4.11%. The average error -0.15% is not statistically significant. -The development of mean diameters of spruce stands is different from the model development of yield tables. The mean square error is ± 8.44%. The average error +4.09% is statistically significantly different from zero and it indicates that mean diameters are greater on research plots than in yield tables. These differences can be explained by the empirical material used for the construction of yield tables which is prevalent in the Czech Republic, where spruce stands of the same yield class have slightly smaller diameters than in Slovak Republic. 
